Abstract Endometriosis affects women in reproductive age and can involve bowel in 6-12 % of the patients. In case of bowel occlusion or deep pain, radical laparoscopic endometriosic surgery associated with bowel resection is recommended. The purpose of this study was to analyze the conception rate, the obstetric complications, and the pregnancy outcome. This is a retrospective study; we investigated 51 patients with deep endometriosis who underwent surgical treatment with bowel resection during the period between 2000 and 2007. Among the 30 patients who gave birth to at least one live child after surgery, we considered only the first pregnancy following bowel resection and we investigated the incidence of pregnancy disorders, the gestational age at delivery, the baby birth weight, and the complications related to the different ways of delivery. We compared the results with a control group of 93 patients with no previous abdominal surgery. The whole group of 51 patients tried to conceive after surgery, and 30 women had at least one pregnancy with the birth of an alive baby. Considering only the first pregnancies after surgery, 6 (20 %) experienced gestational hypertensive disorders, 3 (10 %) had placenta previa, 6 (20 %) had preterm birth (<37 weeks), and 1 patient (3.3 %) gestational diabetes. In this group, the average newborn weight was 3000±545 g. Compared with the control group, women with previous bowel resection for deep endometriosis had a higher risk of hypertensive disorders (p<0.05), placenta previa (p<0.05), and lower newborn weight (p<0.05), while the association with preterm birth and gestational diabetes was not statistically significant. These patients experience 12 vaginal deliveries (40 %) and 18 caesarean sections (60 %). Comparing with the caesarean rate in the control group (29.03 %), the incidence of caesarean section in the study population was substantially higher (p<0.01) with 33.3 % of the sections performed because of previous bowel surgery. No differences in severe complication rates were observed between vaginal and caesarean deliveries (ns). Complete removal of endometriosis with bowel segmental resection seems to improve the pregnancy rate, but in this group, there is an increased incidence of hypertensive disorders, placenta previa, and lower newborn weight. Despite the small number of patients, we do not observe more complications in the vaginal group than in the caesarean group, so we hypothesize the previous radical surgery should not influence the way of delivery.
Introduction
Endometriosis is characterized by the presence of the endometrial glands and stroma outside the uterine cavity. It primarily affects women of fertile age and represents a relevant clinical issue as it causes severe abdominal pain [1, 2] and infertility [2, 3] .
Endometriosis is classified depending on location, extent and depth of implants, presence and severity of adhesions, and presence and size of ovarian endometriomas.
The incidence of bowel implants among women with endometriosis is between 6 and 12 % [4] [5] [6] [7] . The most affected sites are the rectum and recto-sigmoid junction, which account for up to 93 % [8] [9] [10] of all intestinal endometriosis lesions. When this kind of lesion is associated with deep pain, stenosis, or massive bowel involvement, the recommended approach is the complete excision of deep endometriosis with bowel resection [11] . In these last years, many authors have reported different surgical procedures to remove endometriosis nodules from bowel like the shaving technique that consists in the excision of nodule after its complete resection from the rectum without resection [12] . Bowel endometriosis removal let the patient have a reliable and persistent relief of pain symptoms and improvement of quality of life [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] and leads to a better fertility and pregnancy rate [23] .
Considering the young age of women who undergo this radical surgery, and the related fertility improvement, the aims of our study were to analyze the obstetric complications and the outcome of the pregnancies conceived after surgery and to evaluate if there is a recommended way of delivery conscious of short-and long-term complications related to a bowel segmental resection.
Methods
From July 1996 to February 2007, 329 infertile women with severe endometriosis underwent laparoscopic surgery treatment at the Gynecology and Obstetrics Department of the Ospedale Sacro Cuore (Negrar, Italy).
In our study, we analyze only the 77 patients who had a colorectal segmental resection. The indications for radical surgery with bowel resection were severe pelvic pain refractory to medical treatments and/or severe bowel stenosis caused by endometriosis implants.
In our Unit, in case of deep endometriosis with muscularis involvement, the treatment of choice is bowel segmental resection. The shaving technique is performed if the endometriotic nodule involves only the serosa.
In all cases, surgery was performed by laparoscopy. Each procedure was performed using a 10-mm laparoscope in the umbilical position and three 5-mm trocars. After an accurate check of the pelvic and abdominal organs, adnexal adhesions, when present, were sectioned with micro-scissors. Where endometriomas were present, steeping and temporary ovarian suspension was performed. Complete excision of all visible endometriosis lesions from healthy tissue was obtained using 5-mm bipolar scissors according to the technique described by Redwine [24] . Pre-and post-operative management has already been reported in previous studies [21, 25, 26] . The intestinal surgery was performed by a colorectal surgeon with a T-T colorectal anastomosis. All women were clinically evaluated at 1 month, 6 months 1 year up to 4 years after surgery, and all findings were recorded in a specific database.
In this retrospective study, data about history, surgery, complications, and follow-up were obtained from database and medical records, while data concerning obstetric outcomes were updated contacting the 77 patients between July and August 2013.
Only 51 of 77 patients who underwent bowel resection were considered in our study; 26 patients were not contactable. Among the patients who conceived after surgery, we retrieved data from medical records about conception, complications during pregnancy, gestational age at delivery, birth weight, way of delivery, indications (caesarean section), and possible complications. Previous caesarean delivery was considered an obstetric indication. We collected the same obstetric data from a population without endometriosis who delivered in January and February 2007 in our Unit (control group) to compare the incidence of obstetric complications and the way of delivery in the two groups. The control group included 92 women with good health, no previous caesarean section or bowel surgery, regular menstrual cycle, no dysmenorrhea, no dyspareunia, no dyschezia, and normal gynecological evaluation before the conception. Subjects with medical conditions, previous bowel surgery, or suspicion of endometriosis were excluded.
Statistics
All statistical analysis was carried out with a SPSS 21.0 software. Continuous variables were expressed as arithmetic mean+SD; in case of asymmetric quantitative variables, the indicators were associated with the median, maximum, and minimal values. Categorical variables were expressed as distributions of absolute or relative frequencies. The distribution of conceptions and deliveries during follow-up was studied with the Kaplan-Meier curves. The chi-square test and Fisher exact test were used to compare data obtained by cross tabs. Statistical significance was declared at p<0.05.
Results
Demographic data were similar in the case and control group population; none had previous caesarean section, and they did not differ in age and gestational age at delivery (Table 1) .
Pregnancies
After surgery, all patients tried to conceive and 38 (70.37 %) obtained at least one pregnancy with a total of 68 pregnancies. Spontaneous miscarriage was observed in 19/68 (23.53 %) and ectopic pregnancy in 2/68 (2.94 %). The remaining 47/ 68 (73.53 %) had ongoing pregnancies with a live child delivery.
In summary, 30 patients had at least one ongoing pregnancy with delivery, in particular, 14/30 (46.6 %) had one pregnancy, 15/30 (50 %) had two pregnancies, and one patient (3.3 %) had 3 ongoing pregnancies.
Before radical surgery with bowel resection, only 2/51 (3.9 %) patients had an ongoing pregnancy with a live child delivery, even if 32/51 (62.7 %) were trying to conceive for more than 1 year, while after surgery 30/51 (58.8 %). This difference is statistically significant (p<0.001).
Conception
Most of the ongoing pregnancies with delivery were obtained spontaneously (71 %), while 14/47 (29 %) were obtained with in vitro fertilization (IVF). The mean age at the first conception was 30.1 years (d.s. 3.2). Spontaneous pregnancies had a mean interval from surgery of 13.8 months (d.s. 14.1) and a median of 9 months, with a minimum interval of 0 month and a maximum of 53 months. Pregnancies obtained with IVF had a mean interval of 26.8 months (d.s. 21.4) and a median of 22 months, with a minimum interval of 6 and a maximum of 85 months.
Gestational age and fetal growth
We considered only the first pregnancy with the birth of a live child. The mean gestational age at delivery was 38.10 weeks (d.s. 2.25), with a median of 38 weeks, a minimum gestational age of 33 weeks, and a maximum of 42.
Six of thirty pregnancies (20 %) ended with a preterm delivery (before 37 weeks), with a mean gestational age of 34.62 weeks (d.s. 1.21). Among these pregnancies, 1 ended because of a preterm labor with consequent vaginal delivery during the 36th week without any complications, while 5 had caesarean delivery with a mean gestational age of 34.40 weeks (d.s. 1.14). The indications of these caesarean sections were different; 2 were performed at 35 and 36 weeks after the diagnosis of labor because of the previous bowel resection, to protect the anastomosis, 1 for breech presentation and premature rupture of membranes at 34 weeks, 1 for severe IUGR (<5 % percentile) and Doppler velocimetry alterations at 34 weeks, and 1 for twin pregnancy and preterm labor at 33 weeks of gestation. Excluding the twin newborns, the mean weight at birth was 3000 g (d.s. 545) with a median of 3100 g, a minimum weight of 1900 g, and a maximum of 3880 g.
In the control group the mean gestational age at the delivery was 38.3 weeks (d.s. 3.3), with a median of 37.9 weeks, a minimum gestational age of 27 weeks and a maximum of 41.6 weeks.
Thirteen of 93 pregnancies (14 %) ended with a preterm delivery (before 37 weeks), with a mean gestational age of 33.2 weeks (d.s. 3.8). The newborn mean weight at birth was 3287 g (d.s. 671) with a median of 3365 g, a minimum weight of 540 g, and a maximum of 4300 g.
Pregnancy complications
In the case group, 6/30 pregnancies (20 %) were complicated by hypertensive disorders (gestational hypertension and preeclampsia, with one case of severe eclampsia). Only one pregnancy (3 %) was complicated by diabetes mellitus. The abnormal placentation complicated 3 pregnancies (10 %); in particular, 2 pregnancies presented placenta previa (all obtained with IVF) and one placental flow alterations.
In the control group, 5/93 pregnancies (5.4 %) were complicated by hypertensive disorders while 10/93 (10.8 %) were complicated by diabetes mellitus. Abnormal placentation complicated 2 pregnancies (2.2 %); in particular, 1 pregnancy presented placenta previa (1.1 %) and 1 (1.1 %) placental flow alterations.
Delivery
Among the 30 pregnancies in the case group, there were 12 vaginal deliveries (40 %) and 18 caesarean deliveries (60 %). No significant difference was observed in the two groups concerning the interval time between surgery and delivery (p=0.9). Dividing the 18 caesarean deliveries into two groups based on the indications, 10 (55.6 %) had an obstetric indication, while 8 (44.4 %) were performed to protect the colonrectal anastomosis, to prevent bowel perforation in this minor resistance point, in particular during labor expulsive stage when there is the maximum increase of abdominal pressure.
In the study population, vaginal deliveries were mainly complicated by minor injuries: first or second degree perineal laceration (50 %), episiotomy (16.6 %), and manual removal of placenta (8.3 %). Only one vaginal delivery (8.3 %), 10 months after surgery, was severely complicated with a wide laceration of the cervix, vagina, and rectum at the level of the suture of the previous bowel resection. The patient had a reconstructive surgery, without long-term complications.
Regarding caesarean deliveries, only two were severely complicated (11.1 %). The first case, 33 months after the radical surgery, presented a severe adhesion syndrome and developed severe intra-operative uterine bleeding and was admitted to ICU. In the second case, 24 months after bowel surgery, the 2 %) , and tracheloraffia (1.5 %). There were no urinary tract injuries during the caesarean sections in the control group, but 2 patients (7.4 %) had severe intra-operative bleeding with necessity of blood transfusion in one case (3.7 %).
Discussion
Many studies have demonstrated the close relationship between endometriosis and infertility and the improvement of the pregnancy rate and pelvic pain after radical surgery [16, 18, 19, 23, 27, 28] . In particular, among women with bowel endometriosis, articles in literature confirm that the postoperative fertility rate is improved if segmental bowel resection is performed (Table 2) .
Stepniewska et al. [23] reported a cumulative pregnancy rate of 35 % after bowel surgery in infertile women; Darai [27] reported 5 pregnancies in 12 infertile patients (42 %), and Kavallaris [16] reported 8 pregnancies in 15 infertile women (47 %) with previous bowel surgery. Our study shows a statistical significant improvement of pregnancy rate in infertile woman, after bowel surgery for endometriosis with the highest pregnancy rate, 70.4 % after surgery versus 3.9 % before (p<0.01).
The cumulative pregnancy rate is 50 % at 9 months for spontaneous conceptions and at 16 months for conceptions obtained with artificial reproductive techniques (ART), which is comparable to the results obtained by other authors [29] . This confirms that the maximum fertility rate is immediately after surgery considering both spontaneous and ART pregnancies (Fig. 1) . Donnez et al. reported an important increase of pregnancy rate after shaving technique too (57 %) [12] . Whether one technique is better than the other or not in terms of pain relief, fertility, and short-and long-term complications is still controversial, and it often depends on the surgeon and its experience. The high pregnancy rate observed after surgery both with bowel resection and shaving approach suggests that the increase in fertility is more likely to be related to the removal of the endometriotic disease rather than a specific surgical technique.
Although fertility after bowel surgery has been wide studied, outcome and way of delivery of the pregnancies obtained after this surgery have only been considered in few papers.
In a study including more than 1.4 million singleton births, Stephansson et al. [30] observed that endometriosis was associated with preterm birth, preeclampsia, and placental complications.
In our study, the mean gestational age at delivery was 38.16 weeks and 20 % of deliveries were before 37 weeks. Considering that the rate of preterm delivery in the general population is 10 %, and in the control group 14 %, we observed a significant increase in the risk of preterm birth in the case population (p=0.005). Moreover, in women with previous bowel surgery, the newborn weight at birth was significantly lower than the control group (p=0.04).
Another important finding is the incidence of hypertensive disorders during pregnancy in our population (20 %) which, compared with the rate of hypertension/preeclampsia in the control group population (5.4 %), confirms that women operated for deep endometriosis had a higher risk to develop this disorder (p=0.024). This is in contrast with the results reported by Brosen et al. [31] , who showed a decrease in risk of preeclampsia in women with endometriosis.
Vercellini et al. [32] in his study did not detect any particular findings with regard to the incidence of hypertension, preeclampsia, preterm birth, and abruption placenta, but he found an incidence of 3.7 % of placenta previa in women with endometriosis, more than 10 times the figure of 0.3 % reported in the general population.
Our study confirms this increased risk of placenta previa with an incidence of 6.6 % in the case population and only 1.1 % in the control group (p=0.045). This risk in women with endometriosis is probably related to abnormal endometrial receptivity and a subsequent alteration in placentation, but further data are needed.
No significant differences were observed in the incidence of diabetes (p=0.19) between the case and the control groups.
Besides the obstetric outcome, there is another fundamental point to analyze regarding women who undergo bowel resection for deep endometriosis, the way of delivery.
There are no studies in literature that focus on this issue, and there is no common consensus. In our study, 60 % of deliveries were caesarean sections and 33.3 % were performed because of previous bowel surgery. In control group, the caesarean rate was clearly lower, 29.3 %. Refusing to perform an intestinal resection in a symptomatic patient who desires a child, persuaded that pregnancy hormones would solve the situation, is not the way to avoid caesarean sections, and sometimes, it could be dangerous. There are studies in literature that show the existence of a specific entity of deep endometriosis reacting differently to the hormonal environment of a pregnancy and responsible of severe bowel complications during the third trimester of pregnancy, like perforations or intestinal occlusions [33] . To find if there is a safer way to deliver after bowel surgery, in this pilot study, we decided to compare complication incidence after vaginal and caesarean delivery in the two groups. In the case population, vaginal deliveries were mainly complicated by minor injuries; only one vaginal delivery (8.3 %) was severely complicated with a laceration of the rectum at the level of the suture of the previous bowel resection. Among the patients who underwent caesarean section, two had severe complications (11.1 %). In conclusion, our results show no difference in complications in women with bowel endometriosis who had a vaginal birth or a caesarean section (p=0.8) and no differences in complications during caesarean or vaginal delivery comparing the case and control group (p=0.09). More studies with larger population are needed to confirm these preliminary results.
In literature, we found some studies that analyze the way of delivery in women who underwent ileal pouch-anal anastomosis (IPAA) for chronic ulcerative colitis. The condition of these populations and the case group is similar; they are young women looking for pregnancy, who undergo abdominal surgery and intestine resection, with consequent risk of massive adhesions and the presence of a rectal/anal point of minor resistance, dangerous with the increased abdominal pressure during delivery.
Many retrospective studies have documented that the pouch function in women with IPAA during labor and [37] concluded that recommendation for vaginal delivery should be cautious because it found a major incidence of sphincter defects in women with an IPAA who had a vaginal delivery versus those who had a caesarean section. A 2007 review of literature confirmed that vaginal delivery places all women at risk of sphincter injury (in the general population, the incidence is 0.3 %) in particular if compared with caesarean section, but it underlined that there is no evidence to suggest that this risk is greater in women with an IPAA [38] .
The review of literature regarding IPAA confirms the results of our study; there is no contraindication to vaginal delivery for women who undergo bowel resection for deep endometriosis as ACOG recommended [39] . In these women, the way of delivery should be chosen considering only obstetrical concerns. In fact, the Committee of Obstetric Practice believes that in the absence of maternal or fetal indications for caesarean delivery, a plan for vaginal delivery is safe and appropriate with a shorter maternal hospitalization, lower infection rates, fewer anesthetic complications, and lower risk of respiratory problems for the infant. Moreover, the presence of endometriosis increases the risk of surgery complications during caesarean section, in particular lower urinary tract injury, often related to bladder adhesions high up on the lower uterine segment. Previous caesarean section and severe endometriosis with bladder-uterine localizations are the major risk factors for bladder injury during caesarean section [40] .
To reduce the incidence of the worst complications during labor and vaginal delivery in women with previous bowel resection, we think it would be interesting to study if there is a safe time interval between surgery and delivery. In our study, the rectum laceration during labor was in the patient with the smallest interval between surgery and delivery (10 months), maybe too short for a correct healing. On the other hand, it is well known that the best period to conceive is the closest to surgery, so waiting too much could be unfavorable.
Further studies may be necessary to evaluate if there is a safe interval of time to wait after bowel resection to conceive without an important reduction of the pregnancy rate.
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